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XIV. STATISTICAL THERMODYNAMICS*
Prof. L. Tisza
A. THE THERMODYNAMIC CLASSIFICATION OF CHEMICAL REACTIONS
The thermodynamic theory of chemical reaction has been developed only within the
context of classical molecular chemistry. It is easy to see, however, that the theory
can also be applied without any conceptual modification to nuclear chemistry. Within
this generalized theory the class of molecular reactions is characterized by two restric-
tive conditions. However, the validity or breakdown of these criteria is of no essential
significance for the thermodynamic formalism.
The formalism of Gibbsian thermostatics describes the distribution of energy and
matter in terms of additive invariants. Suppose that we are dealing with systems con-
sisting of variable amounts of the species A l , A 2 . . . . . A s . The mole numbers
l' I2'V, . .. , Xs specifying the amounts of these species are not appropriate for our
purpose because they are not conserved in the presence of chemical reactions. This
difficulty is avoided by the use of the concept of independent components.
Let us assume that the reactions involving our s species can be classified into slow
and fast reactions - the former slow enough to be ignored, the latter fast enough to pro-
duce equilibrium - a prerequisite for the application of thermostatic methods.
Suppose there are p independent fast reactions relevant to our problem. We repre-
sent them symbolically as
s
SK A i K=1, 2,. p (1)
j=l1
th
where v, v 2 . . VKS are the stoichiometric coefficients of the K reaction. They
are defined in terms of the relations
AJ/.j = v . Ag j = 1, 2 ... s (2)
KJ Kj K
where AXI/. is the increment of the mole number of the species A. owing to the Kth
reaction, and A is the degree of advancement of that reaction. Positive and negative
vKj correspond to appearing and disappearing species, respectively. According to this
definition, the v .j are defined only up to an arbitrary constant.
The assumed independence of the p reactions is reflected in the linear independence
of the linear forms of Eq. 1; the rank of the matrix 1 v jl1 is p with p < s. It is
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therefore possible to divide the s species into c = s - p "independent components, " or
briefly components, say C 1 , C 2 , ... , C c , and p derived species, Dc+1 , Dc+2 , ... , Ds.
Equation 1 can be solved in the form
c
D = YX .C.
m mi 1i
i=l (3)
m= c+l, c+2, ... s
Equations 3 are equivalent to Eq. 1 in specifying the p reactions.
We define the mole numbers of the independent components as
s
N. = J + ~ mi J/m (4)
m=c+ 1
It is easy to show that the mole numbers of the components N. are invariant in the1
presence of the reactions (Eq. 1 or Eq. 3).
The selection of the components is not unique. Quite generally, we may introduce
a new set by means of any nonsingular linear transformation:
c
C = aik Ck i: 1, 2 ... c (5)
k=l
The transformed numbers
c
Nk aik N k = 1, 2, .. c (6)
i=l 1
are no longer necessary mole numbers, but a set of invariants of the reactions.
The foregoing discussion applies to all phenomena formalized by means of Eq. 1.
Chemical reactions are included whether they are of the molecular or nuclear variety.
Molecular reactions are characterized by two criteria:
(i) Conservation of mass.
(ii) Validity of a structure formula.
Let us consider situations in which each component C. is associated with a constant1
M i., the molar mass. We define ail = M i, and obtain from Eq. 6 the invariant
c
N = NiM = M (7)
i= 1
which is identical to the total mass of the system. The assumption of a constant M i,
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regardless of the state of binding of the component C i , is justified only if the relativistic
mass equivalent of the binding energy of the derived species is negligible compared with
the rest mass of the free components. It is, of course, well known that this criterion
distinguishes between molecular and nuclear chemistry.
The second criterion is more subtle. It means that every species can be repre-
sented as
n
A = mi E. (8)
i=l
where E 1, E 2 , ... , En represent a fixed set of indecomposable elements that are
absolute invariants with respect to all reactions.
Superficially, the formation from components (Eq. 3) and the formation of elements
(Eq. 8) seem alike. Actually, there are essential differences. The elements Ei are
themselves species, whereas the components C may be more abstract invariants that
are not observable in isolation. Since the E. are indestructible, they are "contained"1
in the compounds Am. If they are decomposed, the Am lead always to the same
set of elements regardless of the chains of reactions. The reaction equations refer to
processes and are directly inferred from observations. The structure formulas refer
to states and are inferred only indirectly. Within classical chemistry these inferences
were strongly overdetermined; they were accepted with a great deal of confidence and
later confirmed by the methods of molecular physics.
In the early stages of nuclear chemistry, it was presumably taken for granted that
structure formulas would be established in due time. According to our present under-
standing, however, this is possible only within the range of reactions consisting of the
rearrangements of nucleons; for example, in a-decay. These reactions differ from
molecular reactions only in the nonconservation of mass.
With reactions involving the transformation of elementary particles both of the above-
mentioned criteria break down. However, this breakdown does not affect the thermo-
dynamic formalism. In this theory the existence of the structure formula is of no
consequence.
This extension of classical chemical thermodynamics to nuclear reactions is not of
much practical significance as long as the discussion is limited to equilibrium. How-
ever, the dynamic character of the reaction equations, as compared with the static struc-
ture formulas, suggests the extension of these ideas to irreversible processes; that is,
to reaction kinetics.
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